Abstract
Risk factors for the increasing trend in low

INTRODUCTION
Low birth weight (LBW) is the main factor determining neonatal and perinatal survival and it is also associated with many adverse outcomes in newborns (Kramer, 10 1987 ). In recent years, it has been shown that the LBW rate has decreased in many parts of the world due to improvements in health care and improving life standards (Chike-Obi et al, 6 1996) .
In contrast, the LBW rate has increased in some cities of Brazil in the last years. In Pelotas, Southern Brazil, there was an increase from 9% in 1982 to 9.8% in 1993 (Horta et al, 9 1996 ).
In previous studies, it was shown an increase in the LBW rate in Ribeirão Preto, Southeastern Brazil, from 7.2% in 1978-79 to 10.6% in 1994 and a rise in the preterm birth rate from 7.6% in 1978-79 to 13.6% in 1994. These changes occurred despite improvements in many risk factors associated with LBW and preterm birth (Silva et al, 15 1998; Bettiol et al, 4 1999 ).
Three main factors were found to be associated with the increase in LBW rate: preterm birth, maternal smoking and cesarean section delivery (Silva et al, 15 1998). Socioeconomic differences in the risk of LBW were attenuated. The increase in the cesarean section delivery rate explains only partially the increasing trend seen for LBW rate. To explore these relationships, to avoid confounding due to cesarean section, a restricted analysis of risk factors for LBW among live births by vaginal delivery was conducted, since the likelihood of cesarean section was greater for better-off families. The purpose was to analyze risk factors for LBW among vaginal deliveries and to verify if socioeconomic differences really decreased or if they artificially disappeared due to confounders. started in June 1978 and ended in May 1979 (6,750 births). The 1994 one was a four-month survey, including infants born from May to August (2,846 births). The analysis was restricted only to singleton live births by vaginal delivery for families residing in the municipality (4,698 deliveries in 1978-79 and 1,399 in 1994) to avoid selection bias and potential confounding due to multiple gestations. Mothers were interviewed soon after delivery using a standardized questionnaire after their consent. Trained personnel obtained newborn weights using weekly-calibrated scales with 10-g precision. Newborns were weighed naked immediately after delivery. Non-response due both to early hospital discharge and mother's refusal was low (3.5% in the first survey and 4.2% in the second). The method was the same in both surveys and details are described elsewhere (Barbieri et al,   2 1989; Bettiol et al, 3 1998 ).
METHODS
Ribeirão Preto is a regional center in the Northeast
The variables included in the analyses were: birth weight (less than 2,500 g; 2,500 g and over), newborn gender (male; female), maternal age in years (less than 20; 20 to 34; 35 and over), marital status (cohabiting; non-cohabiting), maternal schooling in years (less than 4; 4 to 11; 12 and over), parity including the current delivery (1; 2 to 4; 5 and over), maternal smoking (yes, if the mother had smoked at least one cigarette during pregnancy; no otherwise), family income in minimum wages (less than 4; 4 to 10; 10 and more), preterm birth (yes for less than 37 weeks of gestation; no otherwise), number of prenatal care visits (less than 4; 4 and more), type of insurance (public -those covered by social security or seen at public institutions; private -those who had a private prepaid health care plan or paid for services). A missing category was included for those variables with a large amount of unknown information. Gestational age was calculated according to the last menstrual period. Cases whose birth weight was above the 99 th percentile for a given gestational age based on the British nomograms were excluded from the analysis because they were probably mistakenly considered as preterm births (Altman & Coles, 1 1980 ). The occupation group of the head of household was drawn from an adaptation of the International Standard Classification of Occupations -ISCO-68 (Bettiol et al, 4 1999) and it was considered as a proxy for socioeconomic status and grouped into three categories: non-manual workers, skilled/semi-skilled workers and unskilled workers. Parental occupation was used in the coding of occupational group in most cases. When parental occupation was not recorded, especially for non-cohabiting women, maternal occupation was used instead.
Student's t-test was used to make a comparison between the two surveys' mean birth weight according to occupational groups, and the chi-square test was used when comparing characteristics of the two cohorts. Unadjusted and adjusted odds ratios were obtained by logistic regression using the Stata package. The group at lowest risk of LBW was used as a reference category. A complete model was fitted to include all determinants under analysis, the year of survey and a series of interaction terms between the year of survey and all potential risk factors. These interaction terms served to identify variations in the odds ratio between surveys. Backward elimination was used to fit the final reduced model. In addition, a crude model with the year of survey and a series of sequential models, including one by one all variables associated with LBW in the former model, were fitted. The aim was to identify variables influencing the odds ratio for the year of survey that may be responsible for the increasing trend in LBW among vaginal deliveries.
RESULTS
LBW rate and type of delivery
The LBW rate in 1978-79 was higher for live births by vaginal delivery (7.8%) compared to those infants whose mothers underwent cesarean section (5.9%). This pattern has changed in 1994: the LBW rate was higher for live births whose mothers underwent cesarean section (11.3%) than for those whose mothers had vaginal delivery (10.0%). The rate of increase in the LBW rate was higher for cesarean section (86.4%) than for vaginal delivery (32%).
The birth weights of infants born by cesarean section were much lower for the 1994 cohort compared to the 1978-79 one. The percentage of those born by cesarean section weighing less than 3,000 grams increased sharply. Although the birth weights of infants whose mothers had vaginal delivery were also reduced, this happened in a slower manner (Figure) . The increasing trend in the LBW rate was restricted to the 36 th and 37 th weeks of gestational age.
The mean birth weight was reduced for all occupational groups (Table 1 ). The decrease was more marked among infants of better qualified families (-199 grams) than among infants of less qualified families (-97 grams). Social differences in LBW rate decreased due to the higher proportional drop rise among newborns of better qualified families.
Trends in childbearing population characteristics between 1978-79 and 1994
Some favorable trends were observed among this selected cohort of mothers who had vaginal delivery. 
In 1994 more women had private insurance and a higher family income; they also had a higher number of prenatal visits than 15 years ago and there was a decrease in the percentage of multiparous mothers. The percentage of smoking mothers decreased from 30.3% to 19.9%. (Table 2 ).
In contrast, the percentage of people in non-manual occupations and the percentage of mothers with 12 or more years of schooling decreased. Three known risk factors for LBW have arisen: the percentage of young mothers (from 16.1% to 23.0%), percentage of noncohabiting mothers, which almost doubled from 7.6% to 14.8%; and the preterm birth rate among vaginal deliveries, which increased markedly from 8.6% to 13.9%, a 62% rise (Table 2) .
Risk factors for LBW among women who had vaginal delivery
The adjusted risk of LBW was higher for female infants and live births of non-cohabiting mothers. It was also higher for those infants whose mothers had less than four prenatal visits, first-births, those newborns whose mothers had less than 12 years of schooling and had smoking mothers (Table 3 ). There was an interaction between the year of survey and gestational age, indicating that the risk of LBW for those prematurely born fell from 17.75 (95% CI% 12.98-24.88) in 1978-79 to 8.71 (95% CI 5.43-13.95) in 1994. Since mothers of prematurely born infants tend to have fewer prenatal visits, the number of visits was excluded from the model to verify whether this inherent bias may have affected the estimates. As there was no change in the associations described above, the model with the number of prenatal visits was used in the study. Table 4 shows the crude and sequentially adjusted year effect for LBW among vaginal deliveries. The crude odds ratio for LBW comparing 1994 with 1978-79 (1.32) indicated that the risk of LBW was 32% higher in 1994. When adjusted also for preterm birth, the risk of LBW for the 1994 cohort was smaller (1.14) and no longer statistically significant, showing that preterm birth was the main contributing factor to this increase. When non-cohabiting status was taken into account, the risk of LBW for 1994 was also reduced from 1.37 to 1.32, suggesting that non-cohabiting status might have also played a role in this increasing trend. The year effect for LBW in 1994 was higher or unchanged when adjusted for other factors. For example, when the risk of LBW was adjusted at the same time for the year effect, preterm birth and maternal smoking, it was 1.37, i.e., higher than 1.14, indicating that maternal smoking had contributed to lower the LBW rate.
Identification of factors probably associated with the increasing LBW rate
DISCUSSION
It was shown in a previous study that the increase in the cesarean section delivery rate was the factor more closely associated with the increase in LBW rate in Ribeirão Preto along with gestational age and maternal smoking (Silva et al, 15 1998 ). In this study it was demonstrated that the LBW rate increased over a period of 15 years also for those infants whose mothers had vaginal delivery, even though some risk factors for LBW decreased in the same period. Accentuated increases were detected in the percentage of young, non-cohabiting mothers and preterm births.
This increasing trend in LBW rate among vaginal deliveries seems to be largely attributable to a rise in the preterm birth rate and the percentage of non-cohabiting mothers. A further support to this evidence was that, when a separate model for 1994 was fitted, only these two risk factors remained associated with LBW. Despite the increase in the proportion of teen mothers, young maternal age did not contribute to this trend. These findings were also supported by others (Eriksson et al, 7 1997 ).
Although better qualified families had the lowest proportion of non-cohabiting mothers and preterm birth in both cohorts, they revealed the highest increase in the proportion of non-cohabiting women and preterm birth between 1978-79 and 1994 (data not shown). The higher increase in the proportion of preterm births and non-cohabiting mothers among better-off families partially explains the more accentuated reduction observed in their newborns' mean birth weight. Another possibility is that the increase in LBW and the drop in mean birth weight among vaginal deliveries is in part an artifact caused by a shift from vaginal to cesarean section delivery in the city. Better-off families mothers tended to undergo cesarean section more frequently in 1994 compared to 15 years ago (Gomes et al, 8 1999). Vaginal deliv- ery newborns in 1994 represented a selected cohort of poorer families with poor obstetric and neonatal outcomes. Results of the present study show that, in contrast to the childbearing population as a whole, the percentage of better qualified people and higher schooling decreased among mothers who had vaginal delivery.
The association between cesarean section and LBW tended to cover up socioeconomic differences in the likelihood of LBW. After a restricted analysis based on a selected sample including only vaginal deliveries, mothers with low levels of schooling had a greater risk of LBW. This indicates that socioeconomic differences came up again.
It has been shown that alcohol consumption and illicit drug use are closely related to increased risk of LBW (Brooke et al, 5 1989 ). In Ribeirão Preto, illicit drug use and alcohol consumption are high among teenagers (8.5% reported daily use of alcohol and 56.4% monthly consumption) (Muza et al, 13 1997). Alcohol consumption was the same among social classes but illicit drug use was higher among better-off teenagers (Muza et al, 14 1997 ). The highest illicit drug use among better-off teenage mothers could play a role in the more marked decrease in mean birth weight among newborns of better-off mothers. Other potential causes that may explain this phenomenon, such as psychosocial stress, occupational hazards, deterioration of the health services quality in the city, genital infectious or iatrogenic practices associated with childbirth care, were not studied here.
There is some evidence regarding low quality of perinatal care in Brazil. The neonatal death rate, especially within the first 6 days of life, is decreasing very slowly. The reasons for this remain poorly understood. In the State of Rio de Janeiro, it has been shown that neonatal deaths due to respiratory ailments of the fetus and newborn are increasing and the causes of death said to be reducible by "adequate pregnancy monitoring and delivery care" and "early diagnosis and treatment" remain unchanged (Leal & Szwarcwald, 12 1996 ).
The increasing use of ultrasound-based estimates of gestational age was one of the factors associated with an increase in the preterm birth rate in Canada (Kramer et al, 11 1998) . Despite the fact that there was an increase in ultrasound-based estimates of gestational age between these two decades, in this study the last menstrual period was used to assess gestational age. So, increasing frequency of ultrasound examination was not a factor in Ribeirão Preto. Changes in registration practices, resulting in a shift from stillbirths to live births at early gestational ages,
